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The lifetime of the A, meson is measured using the seudeptonic decay B, _ 

D;t?xY. The data sample consists of 19.3 pb-’ of pp collisions at fi = 1.8 TeV 

collected by the (:I)F detector at the Fermilab Tevatron collider during 1992-1993. 

There are 76 3z X t?+D; signal events where the 17, is identified via the decay 0; - 

OY3 q5 - li+ii-. Lsing these events, the R, meson Lifetime is determined to be 

r, = 1.32 ‘g:;: (St&t) k 0.11 (syst) ps. A measurement of the R, Lifetime in a low 
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statistics s,zmpl~ of exclusive H,$ - .J/,fj-d &rays is also presented in this papw 

. 

Tq”“‘t, 1:si11g KEPTErr 



Thr lifetime diff~~~ws lx+wrrn thr httom hadrons can prolw tire H-cdecay ~~w~l~a~~isms 

\Vllil~ll xr l~wyoIl~I thr sirnplr cp”‘k spr“tator nnodel. In tllr casr of clmrm II1~1sULIS: SlI(.iI 

1liffrrrncr5 Ilaw i~wrn ol~s~~vrtl to I~x quik large ( T( D+)/T( D”) - L5). -\niong hot,tolli 

I~;r~lr~~~~s. t,llr, Iif’rt,inlr ~liffmw~ws ar’r rxpwtrd to 1x5 ~n~allrr due to the hravirr bottom q~cxk 

Inas:. f’hr~i~rrnr~l~~h~,~~~~~~l n~od~~ls predict a ,5- 10%; difference I~rtwrrn the H,, a,nd H:i nwwu 

lil’rt~itrws imd wry similar R,! and H, lifetimes [I]. This is consistent with the prrvio~ls 

fllt,il~lll’l’tllrllts of H,i.Ct mwm lifetime [IL?]. as well as rrcent B, lifetinw nwaswemmts frvrn 

LEP [:{I. It has itlso helm sugg;FLsted by rrcrnt theory calculations [4] that the lifetime lwtwww 

thr twu (!F’ rigrnstatrs produced by mixing of thr B, and E, may differ by as much a,s Ii’% 

SIICII au rffwl: nlity mauifrst itself its a difference in lifdinws brtwrm thr ES, wmilrptullic 

~lrcay. which is almost ao equal olixturr of the two (:P states. and t,hr dway H, + .J/,rp,~, 

which is rxprctrd to he tlonlinatetl by t,lre CP even state. In this letter> we first present 

thr measurwleIlt of H, lifetime using the semileptouic decay [5] B, -+ LI;p+fr/,Y, where the 

0; is idrlltified via II; i &-. d, 4 tY+K-. We then describe briefly a result using t>hr 

PY~.~IIS~VC dcvi~y El, + J/.$4, where J/$ --+ p+p-, q!~ -+ It’+Ii-. The data sample for this 

pqwr consists of 19.3 $’ of pp collisions at ,,&=I.8 TeV collected by t,hr CDF detrctm 

<llwiu,q t,llr l!N2-I993 run. 

The (‘DF rlrtector is described in detail elstvbere [6]. We describe here ody the detector 

feratlms must relevant t,o this analysis. Two devices inside the 1.4 T solenoid are used fat 

t,llr t~rackiog of charged particles: the silicon vertex detector (SVX) and the central tracking 

~~hamlwr ((“T(1). ‘The SVX consists of four layers of silicon microstrip drtrctors lot-atrd at 

rulii Ix%wrrn 3.0 and 7.9 cn1 from the interactim point and provide spatial nmwmwlrnts 

ill the T.-F plane [7] with a resolution of I3 pm, giving a track impact parameter resolutiuu of 

at~wut, (1:%$40/~~~) pm [Xl, where PT is the transverse mxnentum of the track in GeV/r:. The 

trmswrsr protilr of the brand is circular and has an KMS of - 35 ~1x1, while the loqitudinal 

t~lriilll size is - :SO rm. The (:TC is a cylindrical drift chamber containing 84 layers gro~~prd 

iut,u X altrrnating suprrlayrrs of a,xial and stereo wires. It mvers thr pseudorapidity iut,rnzl 

~I/ CC 1.1, whrrr 7, = - Itl[tan(B/2)]. Thr PT rrsolutiw of the CTC: con~l~inrtl with thr SL’X 



i5 b~(/q)/p~ = ((U.OU~j(i)’ + (O.OOOOp~)’ ” “‘. Outsi& the sdmoid arr ~,lrctt.ollragtlrti(. ((‘EM) ) 

mcl l~~~~lroni~ ((‘H.4) calurimrtrrs (iri < 1.1) that employ a prujwtivr tuwrr gronwtry. .4 

layer of I”.“p”l.t,iollal wirr rlmmbrrs ((:ES) is Iocatrd near showrr nmxitnllnl iu the (IEM md 

prmiclrs 21 tn~its~~rrnl~~t, of rlr(.t~[ltnagllrtiI- shower profiles ill both the r * and z directions. 

Twu cliK~~~t, mlwu suhsystcvns iu the wntral region itre IISN I, tiw nwtral 1111~1011 ~~h2tllllWS 

i(‘.\ll‘) all~l t.iw w1ltr;ll lq’p’l’ ,,,ll”,l ~-llanllws ((‘MF’), with total wvrragr of SO?, fut 

It/l 5 11.6. Tllr (‘MI’ d~~~lws itw locatrcl hrhind X inhxtioo lengths t~f nmtrrial. 

Ewnt5 wntairling srmilrptonic H, dways wert-’ collect,ed using inclusivr rlwtrou atll,l 

IIIIIOLI trigprs. Thr ET thrrshold fur the principal sin& rlrctron triggrr wits $1 GrV, wherr 

ET E E sin(B) and E is the rlrctronqgwtic energy measured ill tlw calorimrtrr. The single 

II~IIOL~ trigger rr~~~~irrd a pi > 7..5 &V/c track in the (IT(: with matclwd track segments in 

htl1 tllr c:nrr: mrl (:MI’ systems. 

Offliur icltwtification of an rlrctrou [3] ( involved inrasurrmrnts from bot,ll the calorimrtrrs 

mcl thr (!T( 1. F’lwtw conversion rlrctrous were rmmvrd by searchi~~g for an oppositrly 

~~lmrgrrl track which Id a sndl opening angle with a primary electron cantlidat~e. 

A tnuon cmditlatr was required to be detected by both thr (IMIJ and CMP clmnhrrs 

bu rrtluw hxkgrcmnd due to l~adrons that do not interact in the calorimrtrr. Gd po- 

sition n1atcllilig [IO] was rrquired between track srgmrnts ill tlw mum rh~mbrrs and au 

rstrapdatrd (:T(’ track. 

TIP fly + @rr- reconstruction started with a search for qf~ candidates. Wr first tlehrtl a 

smrch I~o~~~ ltrountl the Irpton candidate with a radius AR = dAr/’ + Ap’ of 0.8. Any two 

ol~pusitrly charged tracks with pi > 1 &V/c within that cow wew assigned kaon nmsscs 

u1<1 cotnbined to form a r++ ran&date. No kaon identification was used in the 4 selectiw~. 

Ewh 0 I-anditlatr was rrqoired t,o have pi > 2.0 GrV/ c and a mass withill ix MrV/C’ 

111 tlw wodd avrmgr <b n,a,ss [ll]. The 0, candidate was then combined wit,11 moth track of 

pi > 0.X G-V/c inside the cone which had t,lir opposit,e charge of the leptw (the ‘rightmsign’ 

r-[lmbillat,ioll). This third track was assigned the pion mass. To ensure a good decay vertex 
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ntras~mtnmt, track quality cuts ww imposrd on t,he lept,m antI at least two of the t,hrrr 

tritc.li r-anditlatrs forming the D, r.alidid;tte. Thr I<+. I<-. and jT- tradts wrl’r t hr11 n-tit, 

wit11 a wn11110u vrrtrx constraint. Tllr wntidrnce lrvrl of that tit was requirrd to Iw grratrr 

tllm I%. Sincr thr 0 has spill I and both t,llr D; and r- are spin 0, t,lre hdicity mglr 

(I,. \vlliClI is the iLll,qlr Iwtwren thr h ‘+ arid D; directions it1 tlw 4 rest franle rxhihits a 

ilist~l~ihlrtioli d.V/d(cos Q) - ~-us2 Q. A I:llt, / cos $1 > 0.4 was thrrrforr applied tu suppwss 

tllrz wml~inatorial hackgro~~~ntl, which we found to he a flat in cos @ distribution. The mass 

of the CD), systvrn was wquirrd to be hrtwrrn 3.0 and T,.i GrV/c’ in order to bc cwsistwt 

wit,h ~w~niug from a H, ~&cay. We also applied an is&dim cut Ep/p~($a-) < I .2 on t.hr 

fly riludidltt,e. whrrr ET “” is a sum of transverse rnrrgy within a cone of radius 0.4 in 71-9 

~pxe wamtl tlw Irpton candidate, exr-luding the leptm energy. This cut rlimirmtrtl nmny of 

thr f&r D; combinations from high track multiplicity jets. Furthermorrl WP required t,hat 

thr appartvit 1)‘; decrty vertex (lQ,*) he positively displaced from the primary vertex along 

thr dirwtioo uf the E+D; nmnlentum. Figure la shows the ~$r- invariant mass distriblctiou 

for t,lw ‘right-sign Iq,tm-Ds cotnbitmtions. A D, signal with nmm of I.967 &V/C” ~111~1 

witlt,lr of i.4 M~V/C’ is obsrnwl. Evidence of the (lahihho supprcsscd D- - &- tIeray is 

itIs presrnt. No rnhancement is swn in the corrrsponding distribution for t,he ‘wrong-sign 

~ruml~inatiot~s (F’g I uw lb). We select a signal sample using a D; mass window of I.953 to 

I.981 GrV/c’. A total of 139 events are feud with a background frartion fbg = 0.45 *O.Ol. 

Thr numlwr af E+ D; rvrnt~s ahove hackground in the sample is 76 rt 8. 

There are two possible sources of non-strange B meson decays which can lead to right- 

si,q;n P+LJ; combinations. Thr first, we is a four body decay B,,d - D;KP+u> whrrr K 

drnutes any type of strange tnesm. Because of the low probability of producing .3X pairs awl 

the lin~itrtl phase space; this process is suppressed and has not been observed experimentally. 

The rrcrrlt ARGIJS limit (90% CL) is BR(B,,d i D,KC+r/) < 1.2% [12]. Also, a throrrt~id 

awrlysis lmsrd 011 tl w- ~rcm~~a~~cc model’ yields BR(B,.,l - D;KPv) 5 0.02.5 x BR( H,i d 

r+r,.Y) [IYi]. I!sing the latt,rr result and our estimated efficiency, we expect less than 2.6% uf 

0u1‘ I+D; combinatiuns from this source. The second process is R‘,, --f n; D.Y, t1 i c+r/.‘:. 
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wiwrr D is any ctlamd meson. ‘This &cay producrs softer and less isulatrd Ieptons ttmu 

t,lmt from H, srmilrptonir- &cay and therefore the accrptancr for this source rrtabivr to 

t,tlta sigtd is (luitr snlitll (- Lti%), lTsing the HR(H i D,.Y) [14:l”] and ttw srrllilrpt~,nic 

I~ri~nrtlitig i.i~tios of D” aud D+ [ill> wc rstimate tile fraction of this t,ypr of l.m~~kgrou~~rt 

is 1155 ttlm ii’%,. III ;utctit,iuu. WC i~lsu wusirtrrrd the backgr~~mct front *‘i protturl~iu~~ wtlrrr 

;l f1; 1) pair is pr~~1111w~t. Monte (‘arto predicts the hackground fraction from this t,ypr uf 

soilrw tm 1~ < 7%. 111 sununary, tlw contribution of all abovr physics Lmcl~grounds is quite 

slnall ~xnnpa~rtvl t,u the rmrl~inat,orial Imd~ground. W? will consider thenr as a sourw of 

ivstbwmtic ~lnwrta.inty for the B, tifetimr measurement. 

Ttlr s~wudary vertex wtwrr t,hr H, decays t,o a lrpton and a D; (referred to as L$) is 

olrt;tinr(t by intrrswting the trajectory of the leptou track wit,11 the flight path of the D; 

c;m(tidrttr. Tbr trausvrrsr decay trugttl L is delhxl as thr disptawment ill ttlr transvrrse 

plater of L’B, from t,hr priunary vertex projected onto the direction of the p~(On,). This 

is “III best estimator of the A, dirrctiou. The effect of the unknown R, relativistic boost 

~‘itu be partially rrnrovrtl rvrot-by-event with the factor ~T(J!D~)/M (B,) (whrrr &I( R,) = 

.5.:ji (:rV/r~~ [I6]) aud I it: TV ear s 0 d corrected decay Iengtll 

E = L M(B,) 

I.‘T(cDs) ’ 
(1) 

wtlidl is rrfrrrrd to as thr ‘proper decay length’. A CeSidUat mrrrction lxdwern pT(cn,) and 

/JT( ~‘3,) is dour statistically by convoluting a Monte Carlo distrihutiot~ of the I)T corrrctim 

factor I(= p~(fZ1~)/p~(R~) with an rxpmential decay distribution in the lifrtiuw fit. The K 

(listrilmtion has an average value of 0.86 and an RIMS of 0.11 ad is approximately comtant 

as it functivn of pT(Pns). To mod~t the proprr decay length distribution of ttlr hackgrmmtl 

rvrnt~s ccmtainrtl io the sigd sample, we define a background sample whirlr consists of 

ttlr right-sign routs from the D; sidebands (1.885-1.945 and 1.990-2.050 GrV/c’) and ttw 

wrol+gu rvrnts from the interval 1.885-2.050 &V/c’. 

Tllr propw decay length distrihutioo (Figure 2) is tit using an unl~innrtl maximum Iog- 

Iit~rtil~wd mrttd. Both the H, lifetime and the background shape are drtrrmiurd iu a 



sinndt,mrolls lit, using tlw s&p I and lmckgrou~~d samplrs. Thus t,hr likrlihu~d funrtiun C 

ii ii ~.l~rnl~)illativll of two parts: 

;v... !VB 

J!z = nrc1 - hbg)Gig + fcG,l fl.qq. 
I 

(2) 

wht~c .V.q au(l .L, arc t,hr nurnlwr of rvents ill t,hr signal mli hackground ~an~plrs. Thr 

signal prdmt,ilit,y flmctim F,ss;, consists of a normalizrtl decay rxpmrntial flinct~ioll (driiwd 

fur ml\- pusitivr drc;t~~ lengths and symlmlizrtl by E+) cot~volutrd wit,h the K distribution 

il,llll a (:allssiao rriullltiull flmctioo G: 

Tsi,,(cr, S) = E+(-K.r, CT) (4 Iipd’“t $3 G((” - .C, SOi), (11) 

wlirrr :’ is the nneasurrtl proper decay length with uncertainty 8 (typically lOOp,m) and 

.I’ is t,hr t,rur pqwr decay length. The scale factor s arcounts for the Illltler~stilllatioll of 

thr drca~y h~gth rmx. The lmckgro~md is p~ramrtrrizrd by a Gaussian wnterrd at zero, 

sytrmrtrical positivr autl negative rxponrutial tails, and a positive decay exponential t,o 

chuact~rrizr the hravy flavor tlrcay in thr background sample. The best tit values of C:T and 

.Y I~J found to he 426 ? 2: pm aud 1.4 + 0.1 respectively. Figure 2a shows t,he proper decay 

Irugt~ll Ylistributiou of the signal sanlple with the result of the fit superimposed. The sarnr 

(distritmtiou of the txd~ground samples is showu in Figure 2b. As a consistency check, we 

also tit t,litz I), lifrtimr from the proper decay length ~neasured from the tertiary vertex \‘[I, 

t,u t,hr srw~~dary vertex L’B,. The result is cr(D,) = 135 + :z pm. which is consistent with 

thf- world average value [Ill. 

Table 1 lists all S~UI’RS of systematic uncertainty considered in this analysis. Major 

vunt~ributions conw from the source of the background shape, the non-B, production, md 

the rrsdutiou hmction. To model the contribution to the signal from the roml~ir~atorial 

Im~~kg~~~nds, WC coml~ioed the events from three different sideband regions. There may Ix 

wnw bias io choosing the correct mixt,urr. We find a * 4% variation in the lifetime whrn 

llsillg rach sitlrlmnd region indivittually. The dominant source of systenmtics from non-B, 

prodlrtion was found to he Bu,d + D;D,Y decays. This mode was studied using hloutr 
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(‘ario simulations anal t,llr mx~trih~ltioo to the systrnmtic unrertaillt,y in tllr lifrtimc nz 

folmd to & r%. TIw rtbct of the ~&cay Irngth rrsollltiorl was studitd hy varying t,hr xalr 

fzictor imd using ali idrmnativr rrsolutiun function consisting of two (:aussians, giving a. :r%, 

sJ..stmnatic 11ncrrt,iLint,,y. 

Qtwtiug t:hr skdistical and systematic uucrrtainties separately, we measure the H,$ lifr- 

1:imc Ilsing srrnilrptonic decays to lx 

T& = 1.42 ‘g; (stat) “;:;; (syd) ps 

This resldt is musist,rnt, with thr previous world average of 1.94 ‘z:$ 1x5 [l 11. 

For t,hr rxrlusivr motlr nleasuremrnt. we use the decay chaiu H, + .J/,I/I$. .I/$ + pfpL-, 

cc> ---t fit A-. Thr d&a sample and reconstruction techniques used for t,his decay channel 

arr similar to those described in detail elsewhere [17]. Briefly, the invariant mass of two 

0pp”sitrly cllargctl muon cmtlidates is calcutatrd after the t,racks are constrained t.” originate 

flYmr a ~‘0111111011 vrrtrx. .//l/J candidates are sdxted by requiring the differencr brtwrru 

ihr rlinruorl mass aud t,he world average J/$ mm [l l] to br < :b, where 0 is t,hr III~SS 

Itnwrta.illty calndntrd for rxh dimuon candidate. The 4 mes”n selections are the same as 

rrfmancr [17] hnt wit,11 pi > 3.0 ( rather than 2 &V/c) to further reduce the background. 

To rrcxmst,ruct H, meson candidates, the 4 daughter tracks are ronstraiued to “riginatr frum 

a n~*n*~~o~~ L’rrtrx mtl thr dilnuon mass is simdtaneousty constrained to the wurld avrragr 

.I/!;, IlliL~ScI. \I;? rrquirr the ,x2 probability for this combined fit to be > 2%. In additiou, at 

Irast OIW “f the p candidates and at least one of the other tracks must be well measured ill 

1 lw svx. 

ITsing the measured p~(f3$), the proper decay Irngtti is calculated and the lifetime of 

t,llr H, *nrS”tI is drtermiord by perfcmning a simultaneous unbinnrd log-likelihood fit to the 

mtirr mars and proper &cay length spectra. The mass distribution is fit to a Gaussiatl md 

a flirt I~mI~grounrl. Wr ~nodrl the proper decay length distribution of the background with 

a (ZiL1miitu crutrred at WI’” and positive and negative exponential functions. Thr signal is 

~lrscril~d by u rxporlrntial decay function convoluted with a Gaussia~n. This lit drt,t~rmin~s 

I1 



t11v Illas anrl l’f~,t’ 1 e inw of the H,. t,lre signal fraction. a~(1 hackgro~~~~d sllqw silrnlltitilrl~,l~lsl?.. 

Thr pwpt~ hay lrngt,h distril>ution is slmwn iu Figure :I, where we have tlisplayrd evrnts 

bvit,lliu +?I MeL’/? uf thr H, mass pk. Thr tit wtluws 7,:) +:3.,i -,,(i slgll;tl rvruts aud a H, 

lifrti7llrJ uf uB. = i2ll +!i’lo -210 pnr. 

LVv rstinrzrtr a t,otitl 3ystrnmtic error of f’LOpn1. thr tlonlinmt I.~,llt,~il)lrtiolls arising fwni 

~tllr lmwrt,aiut,~ in t,lw paramrtrization of the Imrkgrouud shape and our untlrrstantliug of 

t,lw rrsollltion hmrtiou. The H, lifrtinre Ilsiug fully recmstructrd B, -i J/I/Q &rays is 

IllC%Slll.tYl t,o he: 

‘8. = I.74 ‘;:;g (stat.) * 0.07 (syd.) ps 

111 wncIusion, tlrr R, lifrtimr has 1~3 measllrrtl in both the srmileptonic and rxclwivr 

&my i~llall1lt~ls. At prrsrnt, tlw t,wo measurenwnts are consistent with each ot,hrr withill 

tlwir quotr(l unwrtrtiuties and arc wnsistrnt with the results of the B, and Bd lifetimes 

prwiullsly mrasured by CDF. 

Wr a~nt,icipatr a more significant result in both rides after the ongoing ~collider run. 
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(hmcil of (>aoada; the National Science Council of the Republic of China; the A. F’. Sloan 
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TABLES 

T.kHLE 1. Semilrptonic anode systematic uncertaintiw 

Systematic Source Uncertainty 

Ha~cli~rmlllrl Stiq’P 4 % 

Norr- H, so,,rc“ -I%1 
I 

HPsolutim filrirtion :is ; 

Roost mwwtion ‘2% ’ 

LhTa,v IPllg.th c11t, 2% 

Fitting ~nethod 1% 

Misalignmwt 2%: 

Tot <al I 7%l 
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FI(; I: Thr mass distril)utiw of rjn- for (a) ‘right-sign curubinatio~~ (cg~E+); (I,) ‘wvrong- 

si,qtl’ wtnlliuation (m-C-).Thr sldrtl wgiuns are usd for thr Imckgrouutl sa~nplr. 

FI(; ‘2: (aj F’tmprr A-cay lrq$ll distrihut,iou for tilt? C+D; signal samplr wit.11 a CIII’V~ 

(wlicl) ft.om I~rll~inuetl log-likrlilumtl tittirlg of signal anti background. Thr tlaslwd line rrp- 

rrsrrlts thr wntrihltion from t,hr ccnnbinatorial Imckgrountl. Thr dott,rd one rrprrsents tlw 

si,qnal (.otlt,l.il)lltiOli. (I>) Thr proprr decay lrngtll distribution for the background sample 

with a C.IITVP rrprrsrnting the lxxkground lifrtimr cont,ribution. 

FIG 3: H, lifrtimr measuwnent using the .J/$$ exclusive mode. Inset figure is thr mass 

dist,ril,utiun. Tl iv ‘1” I( c ur”rS show the fit results. .: 1’ ~1 : 
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